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DESCRIPTION 



IMAGE PICKUP DEVICE 



5 Technical Field 

The present invention relates to an image pickup device including 
an imaging element composed of a NMOS transistor. 



Background Art 

10 A conventional image pickup device (see, e.g., JP 2002*237584 A) 

including an imaging element composed of a NMOS transistor will be 
described below. FIG. 11 is a block diagram showing the configuration of 
a conventional image pickup device 90. The image pickup device 90 
includes an imaging element 7 for imaging a subject. The imaging element 

15 7 includes a pixel portion 96. FIG. 12 is a schematic diagram showing the 
configuration of the pixel portion 96. The pixel portion 96 has a plurality of 
pixel units 99 arranged in a matrix form. FIG. 13 is a circuit diagram 
showing the configuration of each of the pixel units 99. A pixel unit 99 
includes a photoelectric conversion element 4. The photoelectric conversion 

20 element 4 is composed of a photodiode and converts incident light from the 
subject photoelectrically into a signal charge. 

The pixel unit 99 includes a readout transistor 2. The readout 
transistor 2 has a gate terminal 3 to which a transfer signal 10 is supplied. 
The readout transistor 2 reads the signal charge converted photoelectrically 

25 by the photoelectric conversion element 4 in accordance with the transfer 
signal 10 supplied to the gate terminal 3. 

The pixel unit 99 includes an accumulation element 5. The 
accumulation element 5 is configured by floating diffusion and accumulates 
the signal charge read by the readout transistor 2. 

30 The pixel unit 99 includes a detection transistor 6. The detection 
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transistor 6 detects a voltage signal based on the signal charge accumulated 
in the accumulation element 5. 

The pixel unit 99 includes a reset transistor 91. The reset 
transistor 91 supplies a reset potential to the accumulation element 5 in 
5 accordance with a reset signal 11 after the voltage signal is detected by the 
detection transistor 6 so that the signal charge is reset based on a 
VDDCELL signal 89. 

The image pickup device 90 includes a digital signal processor (DSP) 
97. The digital signal processor 97 includes a drive signal supplying 
10 portion 98. The drive signal supplying portion 98 supplies the VDDCELL 
signal 89, the reset signal 11, and the transfer signal 10 to each of the pixel 
units 99 of the pixel portion 96 of the imaging element 7. 

The image pickup device 90 includes an analog- digital converter 
(ADC) 12. The analog- digital converter 12 converts the voltage signal 
15 detected by the detection transistor 6 in each of the pixel units 99 into a 
digital signal. 

The digital signal processor 97 further includes an image processing 
circuit 13. The image processing circuit 13 produces a picture signal based 
on the digital signal converted by the analog- digital converter 12 and 
20 outputs the picture signal to the outside of the image pickup device 90. 

The operation of the image pickup device 90 with the above 
configuration will be described below. FIG. 14 is a waveform diagram of 
the VDDCELL signal 89 that is supplied from the drive signal supplying 
portion 98 to the reset transistor 91 in each of the pixel units 99. FIG. 15 is 
25 a timing chart for explaining the operation of each of the pixel units 99 of 
the imaging element 7. FIG. 16(a) to 16(d) is a schematic diagram for 
explaining the movement of the signal charge in each of the pixel units 99 of 
the imaging element 7. 

At time A, the photoelectric conversion element 4 converts incident 
30 light from a subject photoelectrically into a signal charge. Then, the 
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transfer signal 10 to be supplied to the gate terminal 3 of the readout 
transistor 2 rises from the low state to the high state. Subsequently, at 
time B, the readout transistor 2 reads the signal charge converted 
photoelectrically by the photoelectric conversion element 4. The signal 
5 charge read by the readout transistor 2 is accumulated in the accumulation 
element 5. 

Next, the transfer signal 10 to be supplied to the gate terminal 3 of 
the readout transistor 2 falls from the high state to the low state. Then, at 
time C, the detection transistor 6 detects a voltage signal based on the 

10 signal charge accumulated in the accumulation element 5. 

Thereafter, the VDDCELL signal 89 falls from the high state to the 
low state, and the reset signal 11 to be supplied to the gate terminal of the 
reset transistor 91 rises from the low state to the high state. At time D, a 
charge flows into the accumulated element 5 through the reset transistor 91 

15 based on the VDDCELL signal 89. Consequently, the potential of the 
accumulated element 5 is changed to the low state, thereby resetting the 
signal charge accumulated in the accumulation element 5. 

However, the above configuration of the conventional image pickup 
device has the following disadvantages. As shown in FIG. 16(d), the charge 

20 flowing into the accumulated element 5 through the reset transistor 91 

based on the VDDCELL signal 89 at time D may flow into the photoelectric 
conversion element 4 beyond the gate terminal 3 of the readout transistor 2. 
Therefore, when a picture signal is output after processing the voltage 
signal detected based on the signal charge that has been read from the 

25 photoelectric conversion element 4, a display image of the picture signal 
may cause white flaws, thus resulting in low image quality. 

Therefore, with the foregoing in mind, it is an object of the present 
invention to provide an image pickup device that outputs a picture signal for 
displaying a high quality image. 
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Disclosure of Invention 

An image pickup device of the present invention includes an imaging 
element for imaging a subject and a drive signal supplying portion for 
supplying a drive signal to the imaging element so as to drive the imaging 
5 element. The imaging element includes a plurality of pixel units arranged 
in a matrix form. Each of the pixel units includes the following: a 
photoelectric conversion element for converting incident light from the 
subject to a signal charge; a readout transistor for reading the signal charge 
converted photoelectrically by the photoelectric conversion element; an 

10 accumulated element for accumulating the signal charge read by the 
readout transistor; a detection transistor for detecting a voltage signal 
based on the signal charge accumulated in the accumulated element; and a 
reset transistor for supplying a reset potential to the accumulated element 
based on the drive signal supplied by the drive signal supplying portion 

15 after the voltage signal is detected by the detection transistor so that the 

signal charge is reset. The readout transistor has a gate terminal to which 
a gate potential for reading the signal charge is supplied, and the read 
transistor reads the signal charge when the gate potential to be supplied to 
the gate terminal is changed from a first state to a second state. The 

20 detection transistor detects the voltage signal after the gate potential to be 
supplied to the gate terminal of the readout transistor is changed from the 
second state to the first state. The reset potential supplied from the reset 
transistor to the accumulated element has an intermediate potential 
between the gate potential in the first state that is supplied to the gate 

25 terminal of the readout transistor and a predetermined VDD potential. 

Brief Description of Drawings 

FIG. 1 is a block diagram showing the configuration of an image 
pickup device according to Embodiment 1. 
30 FIG. 2 is a schematic diagram showing the configuration of a pixel 



portion of an imaging element in the image pickup device according to 
Embodiment 1. 

FIG. 3 is a circuit diagram showing the configuration of a pixel unit 
of the imaging element according to Embodiment 1. 
5 FIG. 4 is a timing chart for explaining the operation of a pixel unit of 

the imaging element in the image pickup device according to Embodiment 1. 

FIG. 5(a) to 5(d) is a schematic diagram for explaining the 
movement of a signal charge of a pixel unit of the imaging element in the 
image pickup device according to Embodiment 1. 
10 FIG. 6 is a waveform diagram of an intermediate potential signal 

that is supplied from a drive signal supplying portion to a reset transistor in 
the image pickup device according to Embodiment 1. 

FIG. 7 is a block diagram showing the configuration of an image 
pickup device according to Embodiment 2. 
15 FIG. 8(a) is a waveform diagram of a synchronizing pulse that is 

supplied from an SSG to a driver in the image pickup device according to 
Embodiment 2. 

FIG. 8(b) is a waveform diagram of an intermediate potential signal 
that is supplied from the driver to a reset transistor in the image pickup 
20 device according to Embodiment 2. 

FIG. 9 is a block diagram showing the configuration of an image 
pickup device according to Embodiment 3. 

FIG. 10(a) is a waveform diagram of a Hi-z signal that is supplied 
from an SSG to a bias circuit in the image pickup device according to 
25 Embodiment 3. 

FIG. 10(b) is a waveform diagram of an intermediate potential 
signal that is supplied from the bias circuit to a reset transistor in the image 
pickup device according to Embodiment 3. 

FIG. 11 is a block diagram showing the configuration of a 
30 conventional image pickup device. 
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FIG. 12 is a schematic diagram showing the configuration of a pixel 
portion of an imaging element of the conventional image pickup device. 

FIG. 13 is a circuit diagram showing the configuration of a pixel unit 
of the conventional imaging element. 
5 FIG. 14 is a waveform diagram of a drive signal that is supplied 

from a drive signal supplying portion to a reset transistor of the 
conventional image pickup device. 

FIG. 15 is a timing chart for explaining the operation of a pixel unit 
of the imaging element of the conventional image pickup device. 
10 FIG. 16(a) to 16(d) is a schematic diagram for explaining the 

movement of a signal charge in a pixel unit of the imaging element of the 
conventional image pickup device. 

Description of the Invention 

15 In an image pickup device of the present invention, the reset 

potential supplied from the reset transistor to the accumulated element has 
an intermediate potential between the gate potential in the first state that 
is supplied to the gate terminal of the readout transistor and a 
predetermined VDD potential. Therefore, a difference between the reset 

20 potential and the gate potential in the first state can be sufficiently large. 
Thus, when the reset transistor supplies the reset potential to the 
accumulated element, the charge flowing from the reset transistor to the 
accumulated element is not allowed to flow into the photoelectric conversion 
element beyond the gate terminal of the readout transistor. Consequently, 

25 the image pickup device of the present invention can provide high image 
quality without causing white flaws due to the charge flowing into the 
photoelectric conversion element beyond the gate terminal of the readout 
transistor. 

It is preferable that a difference between the reset potential and the 
30 gate potential in the first state is large enough to prevent a charge that 
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flows from the reset transistor to the accumulated element from flowing into 
the photoelectric conversion element beyond the gate terminal of the 
readout transistor when the reset transistor supplies the reset potential to 
the accumulated element. This can suppress white flaws due to the charge 
5 flowing into the photoelectric conversion element beyond the gate terminal 
of the readout transistor. 

It is preferable that the first state is a low state, and the second 
state is a high state. This allows the readout transistor to read the signal 
charge when the gate potential to be supplied to the gate terminal is 
10 changed from the low state to the high state. 

It is preferable that the reset potential is higher than a ground 
potential and lower than the VDD potential. This can prevent the charge 
that flows from the reset transistor to the accumulated element from 
flowing into the photoelectric conversion element beyond the gate terminal 
15 of the readout transistor. 

It is preferable that the gate potential in the first state is a ground 
potential. This allows the readout transistor to be controlled by the ground 
potential. 

It is preferable that the reset transistor supplies the reset potential 
20 to the accumulated element in accordance with a predetermined 

pulse-shaped reset signal. This allows the reset transistor to control the 
timing of supplying the reset potential to the accumulated element. 

It is preferable that the readout transistor reads the signal charge in 
accordance with a predetermined pulse-shaped transfer signal for supplying 
25 the gate potential to the gate terminal. This allows the readout transistor 
to control the timing of reading the signal charge from the photoelectric 
conversion element. 

It is preferable that the drive signal supplying portion supplies a 
signal having the intermediate potential to each of the reset transistors. 
30 This allows each of the reset transistors to supply the reset potential having 
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an intermediate voltage to the accumulated element. 

It is preferable that the imaging element further includes a driver 
that produces a signal having the intermediate potential based on the drive 
signal supplied by the drive signal supplying portion and supplies the signal 
5 having the intermediate potential to each of the reset transistors. This can 
eliminate the need for providing a special circuit in the drive signal 
supplying portion to generate a signal having the intermediate potential. 

It is preferable that the drive signal supplied by the drive signal 
supplying portion includes a Hi-z signal, and the imaging element further 
10 includes a bias circuit that produces a signal having the intermediate 

potential based on the Hi-z signal supplied by the drive signal supplying 
portion and supplies the signal having the intermediate potential to each of 
the reset transistors. This can eliminate the need for providing a special 
circuit in the drive signal supplying portion to generate a signal having the 
15 intermediate potential. 

It is preferable that the image pickup device further includes an 
analog- digital converter for converting the voltage signal detected by each of 
the detection transistors of the imaging element into a digital signal, and an 
image processing circuit for outputting a picture signal based on the digital 
20 signal converted by the analog-digital converter. This configuration can 
provide a picture signal with high image quality. 

Hereinafter, embodiments of the present invention will be described 
with reference to the drawings. 
Embodiment 1 

25 FIG. 1 is a block diagram showing the configuration of an image 

pickup device 100 of Embodiment 1. The image pickup device 100 includes 
an imaging element 7 for imaging of a subject. The imaging element 7 
includes a pixel portion 16. FIG. 2 is a schematic diagram showing the 
configuration of the pixel portion 16. The pixel portion 16 has a plurality of 

30 pixel units 9 arranged in a matrix form. FIG. 3 is a circuit diagram 
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showing the configuration of each of the pixel units 9. A pixel unit 9 
includes a photoelectric conversion element 4. The photoelectric conversion 
element 4 is composed of a photodiode and converts incident light from the 
subject photoelectrically into a signal charge. 
5 The pixel unit 9 includes a readout transistor 2. The readout 

transistor 2 has a gate terminal 3 to which a transfer signal 10 is supplied. 
The readout transistor 2 reads the signal charge converted photoelectrically 
by the photoelectric conversion element 4 in accordance with the transfer 
signal 10 supplied to the gate terminal 3. 

10 The pixel unit 9 includes an accumulation element 5. The 

accumulation element 5 is configured by floating diffusion and accumulates 
the signal charge read by the readout transistor 2. 

The pixel unit 9 includes a detection transistor 6. The detection 
transistor 6 detects a voltage signal based on the signal charge accumulated 

15 in the accumulation element 5. 

The pixel unit 9 includes a reset transistor 1. The reset transistor 1 
supplies a reset potential to the accumulation element 5 in accordance with 
a reset signal 11 after the voltage signal is detected by the detection 
transistor 6 so that the signal charge is reset based on a VDDCELL signal 

20 19. 

The image pickup device 100 includes a digital signal processor 
(DSP) 17. The digital signal processor 17 includes a drive signal supplying 
portion 8. The drive signal supplying portion 8 supplies the VDDCELL 
signal 19, the reset signal 11, and the transfer signal 10 to each of the pixel 
25 units 9 of the pixel portion 16 of the imaging element 7. 

The image pickup device 100 includes an analog- digital converter 
(ADC) 12. The analog- digital converter 12 converts the voltage signal 
detected by the detection transistor 6 in each of the pixel units 9 into a 
digital signal. 

30 The digital signal processor 17 further includes an image processing 
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circuit 13. The image processing circuit 13 produces a picture signal based 
on the digital signal converted by the analog- digital converter 12 and 
outputs the picture signal to the outside of the image pickup device 100. 
The operation of the image pickup device 100 with the above 
5 configuration will be described below. FIG. 4 is a timing chart for 

explaining the operation of each of the pixel units 9 of the imaging element 
7. FIG. 5(a) to 5(d) is a schematic diagram for explaining the movement of 
the signal charge in each of the pixel units 9 of the imaging element 7. FIG. 
6 is a waveform diagram of an intermediate potential signal that is supplied 

10 from the drive signal supplying portion 8 to the reset transistor 1. 

At time A, the photoelectric conversion element 4 converts incident 
light from a subject photoelectrically into a signal charge. Then, the 
transfer signal 10 to be supplied to the gate terminal 3 of the readout 
transistor 2 rises from the low state to the high state. Subsequently, at 

15 time B, the readout transistor 2 reads the signal charge converted 

photoelectrically by the photoelectric conversion element 4. The high state 
of the gate terminal 3 may be, e.g., a VDD potential, and the low state may 
be, e.g., a ground potential. The signal charge read by the readout 
transistor 2 is accumulated in the accumulation element 5. 

20 Next, the transfer signal 10 to be supplied to the gate terminal 3 of 

the readout transistor 2 falls from the high state to the low state. Then, at 
time C, the detection transistor 6 detects a voltage signal based on the 
signal charge accumulated in the accumulation element 5. 

Thereafter, the VDDCELL signal 19 falls from the high state to the 

25 intermediate potential state between the high state and the low state, and 
the reset signal 11 to be supplied to the gate terminal of the reset transistor 
1 rises from the low state to the high state. At time D, a charge flows into 
the accumulated element 5 through the reset transistor 1 based on the 
VDDCELL signal 19. Consequently, the potential of the accumulated 

30 element 5 is changed to the intermediate potential state between the high 
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state and the low state, thereby resetting the signal charge accumulated in 
the accumulation element 5. The high state of the potential of the 
accumulated element 5 may be, e.g., a VDD potential, and the low state may 
be, e.g., a ground potential. 
5 At time D, the potential of the accumulated element 5 is in the 

intermediate potential state and is higher than the gate potential in the low 
state of the readout transistor 2. Such a potential difference between the 
accumulated element 5 and the readout transistor 2 is large enough to 
prevent the charge that flows from the reset transistor 1 to the accumulated 

10 element 5 from flowing into the photoelectric conversion element 4 beyond 
the gate terminal 3 of the readout transistor 2 when the reset transistor 1 
supplies a reset potential to the accumulated element 5. Thus, the charge 
flowing from the reset transistor 9 1 to the accumulated element 5 is not 
allowed to flow into the photoelectric conversion element 4 beyond the gate 

15 terminal 3 of the readout transistor 2. 

The ADC 12 converts the voltage signal detected by the detection 
transistor 6 into a digital signal. Then, the image processing circuit 13 
processes the digital signal converted by the ADC 12, produces a picture 
signal, and outputs the picture signal to the outside of the image pickup 

20 device 100. 

In Embodiment 1, the reset potential supplied from the reset 
transistor 1 to the accumulated element 5 has an intermediate potential 
between the VDD potential supplied to the gate terminal 3 of the readout 
transistor 2 and the ground potential. Therefore, a difference between the 

25 reset potential and the ground potential can be sufficiently large. Thus, 
when the reset transistor 1 supplies the reset potential to the accumulated 
element 5, the charge flowing from the reset transistor 1 to the accumulated 
element 5 is not allowed to flow into the photoelectric conversion element 4 
beyond the gate terminal 3 of the readout transistor 2. Consequently, the 

30 image pickup device of this embodiment can provide high image quality 
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without causing white flaws due to the charge flowing into the photoelectric 
conversion element 4 beyond the gate terminal 3 of the readout transistor 2. 
Embodiment 2 

FIG. 7 is a block diagram showing the configuration of an image 
5 pickup device 100A of Embodiment 2. The identical elements to those of 
the image pickup device 100 in FIG. 1 of Embodiment 1 are denoted by the 
same reference numerals, and a detailed explanation will not be repeated. 
The image pickup device 100A differs from the image pickup device 100 of 
Embodiment 1 in that an imaging element 7A and a DSP 17A are used 
10 instead of the imaging element 7 and the DSP 17, respectively. 

The DSP 17A includes an SSG 18. The SSG 18 produces a 
synchronizing pulse signal having high and low states, as shown in FIG. 
8(a). 

The imaging element 7A includes a driver 14. The driver 14 

15 produces an intermediate potential pulse signal having a high state and an 
intermediate potential between the high state and the low state, as shown 
in FIG. 8(b), based on the synchronizing pulse signal produced by the SSG 
18. Then, the driver 14 supplies the intermediate potential pulse signal to 
the reset transistor 1 in each of the pixel units 9. 

20 The reset transistor 1 supplies a reset potential to the accumulated 

element 5 in accordance with the intermediate potential pulse signal 
supplied by the driver 14 so that the signal charge is reset. 

In Embodiment 2, the driver 14 of the imaging element 7A produces 
the intermediate potential pulse signal based on the synchronizing pulse 

25 signal supplied by the SSG 18 and supplies it to each of the reset transistors 
1. Therefore, it is not necessary to generate the intermediate potential 
pulse signal with an intermediate potential particularly from the SSG 18 of 
the DSP 17A. This can eliminate the need for providing a special circuit in 
the DSP to drive the NMOS imaging element. 

30 Embodiment 3 
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FIG. 9 is a block diagram showing the configuration of an image 
pickup device 100B of Embodiment 3. The identical elements to those of 
the image pickup device lOOAin FIG. 7 of Embodiment 2 are denoted by the 
same reference numerals, and a detailed explanation will not be repeated. 
5 The image pickup device 100B differs from the image pickup device 100A of 
Embodiment 2 in that an imaging element 7B and a DSP 17B are used 
instead of the imaging element 7A and the DSP 17A, respectively. 

The DSP 17B includes an SSG 18B. The SSG 18B produces a 
driving Hi-z signal, as shown in FIG. 10(a). The driving Hi-z signal 

10 remains as a Hi-z signal during a predetermined period of time and becomes 
a high signal at a high level (VDD level) during the other period. 

The imaging element 7B includes a bias circuit 15. Upon receiving 
the driving Hi-z signal from the SSG 18B, the bias circuit 15 produces an 
intermediate potential pulse signal having a high state and an intermediate 

15 potential between the high state and the low state during a predetermined 
period of time that the Hi-z signal is input, as shown in FIG. 10(b). Then, 
the bias circuit 15 supplies the intermediate potential pulse signal to the 
reset transistor 1 in each of the pixel units 9. While the high signal at a 
high level (VDD level) is input, the bias circuit 15 supplies the high signal at 

20 that level to the reset transistor 1. 

The reset transistor 1 supplies a reset potential to the accumulated 
element 5 in accordance with the intermediate potential pulse signal 
supplied by the bias circuit 15 so that the signal charge is reset. 

In Embodiment 3, the driving Hi-z signal supplied by the SSG 18B 

25 includes the Hi-z signal, and the bias circuit 15 of the imaging element 7B 
produces the intermediate potential pulse signal based on the Hi-z signal 
supplied by the SSG 18B and supplies it to each of the reset transistors 1. 
Therefore, like Embodiment 2, it is not necessary to generate the 
intermediate potential pulse signal with an intermediate potential 

30 particularly from the SSG of the DSP. This can eliminate the need for 
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providing a special circuit in the DSP to drive the NMOS imaging element. 

Industrial Applicability 

As described above, the present invention can provide an image 
pickup device that outputs a picture signal for displaying a high quality 
image. 



